Subtype-selective desensitization of alpha 2-adrenergic receptors. Different mechanisms control short and long term agonist-promoted desensitization of alpha 2C10, alpha 2C4, and alpha 2C2.
We have recently shown that the alpha 2C10 adrenergic receptor (AR) undergoes short term agonist-promoted desensitization, mediated by phosphorylation of sites in the third intracellular loop. There is significant divergence in the third loop amino acid sequences between alpha 2C10 and the other subtypes, alpha 2C4 and alpha 2C2. We therefore explored the mechanisms of alpha 2AR subtype desensitization by expressing each human subtype in Chinese hamster ovary cells and subjecting them to short and long term epinephrine exposures. After 30 min of agonist exposure, alpha 2C10 and alpha 2C2 displayed desensitization characterized by rightward shifts in the curves for epinephrine-mediated inhibition of adenylyl cyclase (EC50 = alpha 2C10, 0.24 +/- 0.02 microM increasing to 1.1 +/- 0.1 microM; alpha 2C2, 1.3 +/- 0.3 increasing to 2.6 +/- 0.3 microM). Coincident with alpha 2C10 and alpha 2C2 desensitizations were decreases in agonist high affinity binding. In contrast, alpha 2C4 underwent no functional desensitization after short term agonist exposure, nor were there any changes in agonist high affinity binding. Agonist-promoted receptor sequestration was clearly greater with alpha 2C10 (approximately 26%) and alpha 2C2 (approximately 35%) as compared to alpha 2C4 (approximately 12%), but such sequestration did not play a significant role in short term desensitization, as blockade with concanavalin A had no effect on desensitization patterns. In contrast to these findings, all alpha 2AR subtypes underwent desensitization after prolonged (24 h) agonist exposure. However, alpha 2C10 and alpha 2C2 displayed substantially more desensitization (approximately 20-fold increase in EC50) as compared to alpha 2C4 (approximately 5-fold increase). The primary mechanism of desensitization during long term agonist exposure was found to be a decrease in the amount of cellular Gi, which was equivalent in magnitude in cells expressing all three subtypes. However, in addition to a decrease in Gi, alpha 2C10 and alpha 2C2 underwent down-regulation of receptor levels during long term agonist exposure, while alpha 2C4 did not. Given that all three subtypes bind endogenous catecholamines with high affinity and inhibit adenylyl cyclase efficiently, the significance of multiple subtypes has heretofore been obscure. Our results show that alpha 2AR undergo subtype-selective desensitization to agonists and suggest that alpha 2AR subtypes may have evolved to meet differing needs for adaptive regulation.